Influenza accounts for a large burden of acute respiratory tract infections in high-income countries; data from lower-income settings are limited due to lack of confirmatory testing. Consecutive outpatients presenting to the largest tertiary care hospital in southern Sri Lanka were surveyed for influenza-like illness (ILI), defined as acute onset of fever 38.0 C and cough. Patients were administered a questionnaire and nasal/nasopharyngeal sampling for rapid influenza A/B testing. We enrolled 311 patients with ILI from March to November 2013: 170 (54.7%) children and 172 (55.3%) males. Approximately half (147, 47.3%) tested positive for influenza, but 253 (81.4%) were prescribed antibiotics. On bivariable analysis, symptoms associated with influenza included pain with breathing (P 0.001), headache (P = 0.005), fatigue (P = 0.003), arthralgias (P = 0.003), and myalgias (P = 0.006) in children and pain with breathing (P = 0.01), vomiting (P = 0.03), and arthralgias (P = 0.03) in adults. Our final clinical predictive models had low sensitivity and fair specificity-50.0% (95% CI: 38.6-61.4%) and 83.2% (95% CI: 73.4-90.0%), respectively, in children and 52.2% (95% CI: 39.9-64.2%) and 81.4% (95% CI: 70.0-89.4%), respectively, in adults. Our study confirms the ability of rapid influenza testing to identify an influenza epidemic in a setting in which testing is not routinely available.
INTRODUCTION
Each year, acute respiratory infections account for a substantial burden of morbidity and mortality worldwide. 1 Viral pathogens such as influenza virus, respiratory syncytial virus, parainfluenza virus, adenovirus, and rhinovirus cause the majority of respiratory infections, although secondary bacterial infections are estimated to occur in 10-50% of these patients. 2 Influenza virus, in particular, has the potential to cause pandemics and accounts for significant morbidity, lost productivity, and health-care utilization each year. 3 Data from high-income countries indicate that influenza affects 10-20% of the population annually. 4 In many lowerincome settings in tropical and subtropical climates, the prevalence of influenza is not well characterized due to limited surveillance and laboratory capacity. 5 Improving the diagnosis of influenza in such settings is vital for both epidemiologic and clinical purposes, which include measuring disease burden, directing public health measures, reducing unnecessary antibiotic use, and targeting antiviral use. 6 In Sri Lanka, a total of 1,560 hospitalizations due to influenza were reported in the country's Annual Health Bulletin in 2012, but the true burden of influenza is likely greater due to limited laboratory testing. In 2003-2004, influenza accounted for 11% of acute respiratory infections in patients presenting to Colombo North Teaching Hospital in Ragama, located in the more urbanized Western Province. 7 Data regarding the pattern and prevalence of influenza from more rural settings such as southern Sri Lanka continue to be limited due to the complexities associated with laboratory testing.
The purpose of this study was to assess the cross-sectional prevalence of influenza, as diagnosed using a newer-generation rapid influenza test, among outpatients presenting to the larg-est tertiary care center in southern Sri Lanka over a 9-month period. We developed a clinical predictive model for rapid testpositive influenza to identify patients who may be targeted for limited rapid testing. Our results suggest that rapid influenza testing could be useful for epidemiologic assessment and clinical care in regions with limited formal laboratory capacity.
MATERIALS AND METHODS
Study participants. This was a cross-sectional study performed in the Outpatient Department (OPD) of Teaching Hospital Karapitiya (THK), the largest (1,500 bed) public tertiary care hospital in southern Sri Lanka. The OPD of this hospital serves over 1,000 patients daily between the hours of 8 AM and 7 PM. Adults and children presenting to the OPD from March to November 2013 were screened for the presence of influenzalike illness (ILI) by MBBS-qualified research assistants. Consecutive patients 1 year of age were enrolled if they met the definition of ILI, as defined by the World Health Organization: tympanic temperature 38 C/100.4 F and acute onset of cough in the past 7 days without alternative diagnosis. 8 Screening was carried out by research assistants between 8 AM and 3 PM on Monday-Friday and 8 AM to noon on Saturday. All patients who endorsed acute onset of cough in the past 7 days had their tympanic temperature checked for study eligibility; multiple patients from the same household were eligible for enrollment. Consent was obtained from patients 18 years of age and the guardians of patients 1-17 years, and assent was obtained from patients 12-17 years. Enrolled patients were administered a standardized questionnaire in the local language of Sinhala and a physical examination was conducted. A nasopharyngeal sample was collected from all patients for whom it was possible; patients unable to tolerate nasopharyngeal sample collection had a nasal sample collected instead. Patients received standard clinical assessment and treatment including physical examination, additional diagnostic testing, and prescriptions from their routine care *Address correspondence to L. Gayani Tillekeratne, Duke Global Health Institute, 310 Trent Drive, Durham, NC 27710. E-mail: gayani.tillekeratne@dm.duke.edu †These authors are co-senior authors. providers in the OPD. Details regarding patients' clinical diagnoses and management were recorded. Research assistants were not involved in clinical decision making or treatment, and OPD clinical personnel were not involved in study screening or enrollment procedures.
Ethical approval for this study was obtained from the Ruhuna University Ethical Review Committee, Duke University Institutional Review Board, and Johns Hopkins Medicine Institutional Review Board.
Rapid influenza testing. The nasal/nasopharyngeal sample was used immediately for rapid influenza testing using the Veritor Flu A + B system (Becton, Dickinson and Company, Franklin Lakes, NJ). This rapid chromatographic immunoassay detects influenza A and B viral nucleoprotein antigens from nasal and nasopharyngeal swabs using a single processed sample. The performance characteristics of the Veritor test were documented by Hassan and others, who showed that in pediatric patients, the sensitivity and specificity of the test when compared with polymerase chain reaction (PCR) were 90.2% and 99.1%, respectively, for influenza A and 87.5% and 100%, respectively, for influenza B. 9 In this study, the result of the rapid influenza test was used solely for surveillance and research purposes and not released to clinicians, since the device had not been approved for clinical use in Sri Lanka at the time.
Statistical analysis. The proportion of patients who tested positive for influenza was calculated. Bivariable logistic regression was first carried out to determine the unadjusted associations (odds ratios [OR] with 95% confidence intervals [CIs]) between rapid influenza test positivity and patients' sociodemographic and clinical characteristics. STATA, version 11 (STATACorp, College Station, TX), was used for all statistical analyses.
Predictive models for influenza were constructed separately for children and adults using multivariable logistic regression and generally following previously described methods. 10 In our analyses, any sociodemographic feature or clinical variable that had a P value less than 0.05 on bivariable analysis was included in the predictive model, with the exception of variables related to 1) finances and productivity, 2) the anatomic location of sampling, and 3) diagnoses and treatment received. These variables were not included as they were considered either minimally relevant to a clinical predictive model or unavailable at the time a clinician would be using the model. For children, the variables of myalgias and arthralgias were collinear, and thus arthralgias was excluded. Age in children was included as a categorical variable: 1-4 years, 5-9 years, 10-14 years, and 15-17 years. To create a more parsimonious model, variables were excluded in a stepwise fashion by decreasing P value until all P values were 0.05 in the multivariable model. With each iteration of the model, the performance of the model was evaluated by creating receiver operating characteristic (ROC) curves and calculating the area under the curve (AUC). The sensitivity, specificity, and likelihood ratios for positive (LR+) and negative (LR−) test results were calculated for the full and parsimonious models using cutoff points that maximized both sensitivity and specificity.
RESULTS
ILI cohort. From March to November 2013, a total of 32,869 patients were screened for ILI. Of these screened patients, 330 met eligibility criteria and 311 (94.2% of eligible) consented to study participation. Of 311 enrolled patients, the majority were male (172, 55.3%) and 1-17 years in age (170, 54.7%). Most lived close to the hospital, with the median distance traveled being 5.0 km and the largest proportion (71, 22.8%) originating from Galle, the city nearest to THK. Of adults, 100 (70.9%) had a 10th grade education or less. Thirty-one adults (22.0%) were merchants/shopkeepers, 29 (20.6%) were housewives, 22 (15.6%) were laborers, and 10 (7.1%) were farmers. A total of 135 (43.6%) reported a sick contact with similar illness in the past month and 54 (17.4%) reported travel in the past 30 days. The median expenditure on travel for seeking diagnosis and treatment of the illness was 60 Rupees (0.47 USD) and the median days of work or school missed was 1 day. 11 No patient reported receiving an influenza vaccination previously.
Influenza positivity. Of all patients, 147 (47.3%) tested positive for influenza using the rapid test: 94 (63.9% of positives) for influenza A and 53 (36.1%) for influenza B. Figure 1 shows the percentage of patients who were enrolled and who tested positive for influenza each month. ILI among outpatients ranged from 0.3% to 1.8% each month, with a peak from April to June 2013. Influenza positivity also peaked during this period, ranging from 55.7% to 63.2% of ILI cases. In Table 1 , the sociodemographic characteristics of influenza-negative and influenza-positive patients are compared. Children with influenza tended to be older (median 9.4 years versus 5.5 years, P 0.001) and miss more days of school (P = 0.005) than influenza-negative children. Adults with influenza were more likely to report a sick contact in the past 30 days (53.6% versus 25.7%, P 0.001) than influenza-negative adults. No other sociodemographic characteristics were associated with influenza positivity on bivariable analysis.
Clinical characteristics. The clinical characteristics of children and adults who were rapid influenza test negative and positive were compared, as shown in Table 2 . Children with influenza were more likely to report pain with breathing (16.7% versus 1.1%, P 0.001), headache (83.3% versus 64.0%, P = 0.005), fatigue (87.2% versus 70.8%, P = 0.01), arthralgias (69.2% versus 46.1%, P = 0.003), and myalgias (69.2% versus 48.3%, P = 0.006). Adults with influenza were more likely to report pain with breathing (37.7% versus 18.6%, P = 0.01), vomiting (17.4% versus 5.7%, P = 0.03), and arthralgias (95.7% versus 84.3%, P = 0.03). Samples obtained from the nasopharynx were more likely to be positive than samples obtained from the nares (90.5% versus 9.5%, P = 0.004). No other clinical characteristics differed significantly between influenza-positive and influenza-negative patients. Overall, 253 (81.4%) patients received a prescription for an antibiotic, including 164 (52.7%) for penicillins and 64 (20.6%) for first-generation cephalosporins. Sixty-four (20.6%) patients were ordered an additional diagnostic test, most commonly a complete blood count. The most common clinical diagnosis was "unspecified viral fever" in 142 (45.7%), followed by "upper respiratory infection" (66, 21.2%) and "lower respiratory infection" (45, 14.5%).
Clinical predictive modeling. Predictive models for influenza were constructed separately for children and adults using multivariable logistic regression (Table 3) . For children, the full model included categorized age, pain with breathing, head-ache, fatigue, and myalgias and had an AUC of 0.741. The reduced model included categorized age and pain with breathing and had an AUC of 0.719. There was no significant difference in the AUCs of the two models (P = 0.27, Figure 2 ).
For adults, the full predictive model included history of sick contacts, pain with breathing, vomiting, and arthralgias, and had an AUC of 0.717. The reduced model had an AUC of 0.688, and included a history of sick contacts and arthralgias. There was no significant difference in the AUCs between the two models (P = 0.17). Table 4 shows the performance characteristics of the models at the cutoff points, which maximized the sensitivity and specificity.
For children, the predicted probability, P, was calculated as follows: 10 ln(P/[1-P]) = −11 + 8 (age category) + 22 (pain with breathing), with age categories as follows: 0 ( 5 years), 1 (5-9 years), 2 (10-14 years), 3 (15-17 years) . For children, the cutoff point that maximized sensitivity and specificity correlated with a right-sided value of 5, and resulted in a predicted probability of 62.3%. Thus, any child with ILI who was 10 years old or who had pain with breathing had equal or higher probability of influenza than the cutoff.
For adults, the predictive equation was 10 ln(P/[1-P]) = −20 + 13 (sick contact) + 16 (joint pain). The cutoff point that maximized sensitivity and specificity correlated with a right-sided value of 9, and resulted in a predicted probability of 71.4%. Thus, any adult with ILI who had a history of similar sick contact and arthralgias had equal or higher probability of influenza than the cutoff.
DISCUSSION
We describe an epidemic of influenza in southern Sri Lanka, as identified by means of a newer-generation rapid influenza test. During the study period, influenza virus accounted for almost 50% of ILI cases among outpatients presenting to this tertiary care hospital; however, 81.4% of all patients (including 83.7% of patients who tested positive for influenza) received a prescription for an antibiotic. We developed clinical predictive models for rapid-test-positive influenza. In the setting of an epidemic, rapid testing may provide real-time surveillance information and help direct public health measures. In addition, limited rapid testing could be targeted to ILI patients with a high clinical probability of influenza in whom confirmation would justify withholding antibiotics and/or using antivirals. In this study, the percentage of outpatients presenting with ILI ranged from 0.3% to 1.8% per month, with almost 50% of ILI cases overall being due to influenza. The percentage of ILI was similar to that in other settings-in the United States, the national baseline among outpatients is 2.0%, with increases up to 4.6% during seasonal peaks. 12, 13 There are few published data regarding patterns of influenza in Sri Lanka, but surveillance samples tested by the national reference laboratory, Medical Research Institute (MRI), showed that the prevalence of laboratory-confirmed influenza among outpatients presenting with ILI to sentinel hospital sites was 12% in 2011 and 16% in 2012. 14 The proportion of influenza in this study was much higher than documented in prior years and was initially largely under recognized, which highlights the need for continued surveillance and testing from all regions of the country. Since 2005, Sri Lanka has taken commendable action in conducting influenza surveillance and now has up to 20 surveillance sites in the OPDs of 20 hospitals located throughout the country. However, laboratory data are not always readily available, and in fact there was an interruption in testing from May to July 2013 (overlapping with the influenza peak in our study), which may have been due to high number of samples received or insufficient laboratory capacity. Samples that were tested by MRI during the period of our study indicate that influenza B, H1N1pdm 2009, and H3N2 were the predominant influenza strains. 15, 16 In settings where complex laboratory testing may not be easily available, rapid testing may provide real-time information regarding epidemics and seasonal patterns of influenza. The peak in influenza from April to June seen in our study corresponded with one of the rainy seasons in southern Sri Lanka. Studies correlating trends in influenza with temperature, humidity, rainfall, and social behaviors are needed to better understand the regional patterns of influenza in Sri Lanka.
The level of comorbid symptoms in this study was high, as has been documented in other studies of ILI patients. 17 Children with influenza were more likely to report pain with breathing, headache, fatigue, arthralgias, and myalgias, whereas adults with influenza were more likely to report pain with breathing, vomiting, and arthralgias. Pleuritic chest pain, although not universally reported in ILI, has previously been described in patients with pandemic H1N1. 18 Symptoms including nausea/vomiting, myalgias, and headache have all been previously reported more commonly in patients with influenza than in influenza-negative patients. 10, 19, 20 In our study, children with influenza were older (median age 9.4 years) than children who tested negative for influenza (median age 5.5 years), which may indicate varying patterns of exposure and immunity within age groups. The other etiologies of ILI in this community need to be further explored.
Despite unspecified viral illness being the most common clinical diagnosis, most patients presenting with ILI in this Figure 2 . Receiver operating characteristic (ROC) curves of predictive models for influenza among children and adults presenting with influenza-like illness (ILI) in southern Sri Lanka, 2013. ROC curves for the full and reduced models, as described in Table 3 , are shown. study received a prescription for an antibiotic, with most of these likely being unnecessary. Studies from the United States have revealed that over 50% of outpatient visits for acute respiratory illnesses result in antibiotic prescriptions and that 75% of all antibiotics prescribed by office-based physicians are for respiratory infections. 21, 22 In developing settings where confirmatory diagnostic testing is limited, antibiotics may be overprescribed for fear of missing bacterial infections-according to the 2010 Global Burden of Disease Study, lower respiratory infections are still the fourth leading cause of mortality worldwide. 1 Few studies have investigated antibiotic prescribing patterns for ILI in developing settings, but Bhavnani and others showed that antibiotic prescribing patterns for ILI may be similar in Thailand. Among patients presenting with ILI to five OPDs, 82% received a prescription for an antibiotic. 6 The OPD environment may help drive the overutilization of antibiotics, as continuity of care and medical records are lacking, and the implementation of techniques such as delayed antibiotic prescriptions is not feasible. 23 We were able to develop simple clinical prediction tools for influenza for both children and adults. For children, this tool included the two variables of age and pain with breathing, such that anyone with pain with breathing or age 10-17 years would have a higher likelihood of testing positive for influenza. For adults, the predictive model included a history of sick contacts and arthralgias, such that any adult with both these characteristics would have a higher likelihood of testing positive for influenza. Although a negative result from these models would not be clinically useful, a positive result could be useful in targeting ILI patients for limited influenza diagnostic testing and subsequently avoiding antibiotic use or targeting antiviral use. The simplicity of these models suggests that they may be usable in the busy OPD setting of this free public hospital, where more than 1,000 patients are typically seen daily and individual patient visits generally last less than 5 minutes. Prior studies have shown that the use of clinical prediction models alone is generally insufficient for identifying influenza-positive patients; however, these rules in combination with rapid diagnostic testing may be useful. 24 Our models have to be validated in both epidemic and nonepidemic settings. In addition, our models were developed using rapid influenza test results, which may miss some cases of influenza. However, this was a newer-generation test with high sensitivity, and generating models from these data is reasonable for identifying patients who may benefit from future rapid testing. In resource-limited settings lacking formal laboratory testing capabilities, rapid testing could be useful in identifying epidemics, as was done in our study. However, the price of rapid tests will remain a barrier for the foreseeable future, as these tests generally cost about 20 USD per patient. 25 In addition, although access to a rapid influenza test was available in our study using a test device that had been approved in the United States, the test result could not be provided to providers and patients, as the device had not been approved for clinical use in Sri Lanka. This highlights some of the complexities involved in improving access to diagnostics in resource-limited settings.
In conclusion, we were able to document a high proportion of influenza positivity in this population of outpatients presenting with ILI in southern Sri Lanka. However, the majority of patients, whether they later tested positive for influenza or not, received a prescription for an antibiotic. In such settings, rapid testing may be useful for both surveillance and clinical purposes, helping direct public health measures, reduce unnecessary antibiotic prescriptions, and combat the growing threat of antimicrobial resistance.
